1/1 


^  RD-ni4e  401 
UNCLASSIFIED 


INHIBITION  OF  BABOON  HRRROH  CFU-GENH  CFU-GH  BFU-E  AND 
CFU-E  BV  RDRENOCHRO  (U>  BOSTON  UNIV  NR  SCHOOL  OF 
HEDICINE  R  ZIEGELSTEIN  ET  AL.  12  OCT  83  BUSH-83-15 
N00014-7S-C-8168  F/G  «/15 


NL 


ADA140401 


OFFICE  OF  NAVAL  RESEARCH 
CONTRACT  NOOOl 4- 79-C-Ol 68 


TECHNICAL  REPORT  83-15 


INHIBITION  OF  BABOON  MARROW  CFU-GEMM,  CFU-GM.  BFU-E  and  CFU-E 
BY  ADRENOCHROME.  AN  EPINEPHRINE  METABOLITE 

by 

R.  C.  ZIEGELSTEIN,  S.  HOLDEN.  A.  A.  NORLAND.  M.  D.  ALTSCHULE. 

AND 

C.  R.  VALERI 


NAVAL  BLOOD  RESEARCH  LABORATORY 
BOSTON  UNIVERSITY  SCHOOL  OF  MEDICINE 
615  ALBANY  STREET 
BOSTON,  MA  02118 


12  October  1983 


Reproduction  in  whole  or  in  part  is  permitted  for 
any  purpose  of  the  United  States  Government 


Distribution  of  this  report  is  unlimited. 


J 

$ 


^  file  GOP'! 


DTIC 

ELECTS 
APR  25  1984 


84  0  4  ^  0 


-•>  -*«  - W.  -  r^rM\ 


UNCLASSIFIED 


REPORT  DOCUMENTATION  PAGE 

READ  mSTRUCnONS 

BEFORE  COMPLETING  FORM 

1.  Al^oAfNUMilA  '  a.  oovT  acckumn  no. 

NBRL,  BUSH  83-15 

».  NECINlENT’t  CATALOO  NUMDEN 

*  l'lifliTflON'"SI=‘  BABOON  MARROW  CFU-GEm,  CFU-GM, 
BFU-E  AND  CFU-E  BY  ADRENOCHROME ,  AN  EPINEPHRINE 
METABOLITE 

I.  TYNE  or  NENONT  A  NENIOD  COVERED 

Technical  Report 

•.  RERrORMINO  ORC.  RERORT  NUMEEN 

T.  AUTNOKfa; 

Roy  C.  Zlegelstein,  Sylvia  Holden,  Allan  A. 
norland,  Mark  D.  Altschule,  and  C.  Robert  Valeri 

I.  contract  or  grant  NUMDERfO 

N00014-79-C-0168 

t.  rCRrONMINOOUANIZATION  NAMI  AND  AOORHt 

Naval  Blood  Research  Laboratory 

Boston  University  School  of  Medicine 

615  Albany  St.,  Boston,  MA  02118 

10.  RROORAM  ELEMENT.  RROJECT.  TAM 
AREA  *  work  unit  NUMDERS 

It.  CONTNOLLINO  OmCt  NAMI  AND  AOONKM 

Naval  Medical  Research  and  Development  Command 
Bethesda,  MD  20614 

'•  ”T?VcVo1)er  1983 

It.  NUMRER  or  RAOES 

22 

U.  MONlfoNINO  AdCNCV  NAME  •  AOONttVIf  Al/#ar«il  Inm  CantralMnt  Ollle*) 

Naval  Medical  Command 

Department  of  the  Navy 

Washington,  D.  C.  20372 

It.  security  class,  (ot  Ml,  ndofi) 

Unclassified 

ISa.  OECLASSiriCATION/OOWNORAOINO 
schedule 

It.  CMSTNINUTiON  STATIMCNT  (•!  (Ala  NaAarO 

Approved  for  public  release  and  sale.  Distribution  unlimited. 

17.  OtSTNIDUTION  STATENENT  (»l  U>»  abatracl  antaraA  In  Block  39,  II  AfffaranI  Bom  JtaNWfJ 

It.  KEY  WONOt  fCaiiMmia  an  tororoo  a<#a  It  n^ooomr  ond  Idontllr  kr  kloek  maibarj 

Bone  Marrow  BFU-E  Hematopoietic  stem  cells 

Adrenochrome  CFU-E  Colony  stimulating 

Tissue  culture  Clonal  cell  assays  activity 

CFU-6EMM  Henin  Burst-promoting  activity 

CFU-GM  Red  cell  production  Blood 

*0.  ADtTNACT  fCanlNwa  an  raaaraa  oldo  H  nacaaaair  ant  Idonllfr  kr  klook  maikaf)  — 

Using  tissue  culture  systems  designed  for  the  growth  of  human  bone  mArrow 
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(CFU-E>  BFU-E  >*CFU-6EMM). 

The  addition  of  0.2  rfl  hemln  alone  produced  a  slight  but  not  statistically 
significant  depression  of  baboon  marrow  BFU-E  growth.  The  combination  of  hemli 
and  0.5  mM  adrenochrome  produced  no  growth  of  BFU-E,  but  did  produce  a 
significant  Increase  In  the  CFU-GEMM  as  compared  to  0.5  mM  adrenochrome  alone. 

These  data  suggest  that  substances  such  as  adrenochrome  may  be  Involved 
In  the  suppression  of  red  cell  production  observed  In  patients  subjected  to 
traunatlc  Injuries. 
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ABSTRACT 


Using  tissue  culture  systems  designed  for  the  growth  of  human  bone 
marrow  cells,  studies  were  done  to  assess  the  effects  of  adrenochrome, 
a  metabolite  of  epinephrine,  and  of  hemln  on  baboon  bone  marrow  CFU-6EMM, 
CFU-GM,  CFU-E  and  BFU>E.  In  all  the  assay  systems  studied,  growth  of 
CFU'GEMM,  CFU*GM,  CFU-E  and  BFU-E  was  suppressed  by  the  addition  of  0.5 
nM  adrenochrome.  For  those  clonal  cell  assays  expressing  erythrold  growth 
In  culture,  the  degree  of  suppression  by  0.5  nM  adrenochrome  Increased 

with  Increasing  cellular  maturity  )tFU  DFU  E  >^CFU-fiEMM).J>" - 

The  addition  of  0.2  n#1  hemln  alone  produced  a  slight  but  not 
statistically  significant  depression  of  baboon  marrow  BFU-E  growth.  The 
combination  of  hemln  and  0.5  nil  adrenochrome  produced  no  growth  of  BFU-E, 
but  did  produce  a  significant  Increase  In  the  CFU-6EMM  as  compared  to 
0.5  mN  adrenochrome  alone. 

These  data  suggest  that  substances  such  as  adrenochrome  may  be 
Involved  In  the  suppression  of  red  cell  production  observed  In  patients 
subjected  to  traumatic  Injuries. 
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INTRODUCTION 


Clinicians  have  long  observed  that  seriously  wounded  military  and 
civilian  persons  require  larger  volumes  of  blood  to  restore  their  blood 
volumes  to  normal  than  can  be  explained  merely  by  their  blood  lossj*^ 

The  cause  of  the  unexpectedly  low  blood  volumes,  of  the  so-called  "missing 
blood  syndrome",  has  Intrigued  many  workers  who  have  sought  to  discover 
the  mechanism  for  this  unexplained  )\ypovo1emic  anemia.  One  of  the  many 
speculations  suggests  that  circulating  toxic  substances  are  involved 
which  Inhibit  red  blood  cell  production. 

In  studies  by  Valeri  and  Altschule  from  1968  to  1972  of  more  than 
300  patients  who  had  sustained  war-related  injuries  In  South  Vietnam,  a 
clinical  pattern  of  hypovolemic  anemia  was  observed  that  was  character¬ 
ized  by  reduced  red  cell  and  plasma  volunes  and  normal  or  slightly  reduced 
peripheral  blood  hematocrit  values  and  hemoglobin  concentration  levels.^ 
The  reduction  In  red  cell  volume  was  due  to  blood  loss,  to  a  reduction  In 
red  cell  survival,  and  to  suppression  of  red  cell  production.  This 
syndrome  was  Identified  as  "the  hypovolemic  anemia  of  trauma".  Because 
plasma  epinephrine  concentrations  were  known  to  rise  above  the  normal  range 
following  traumatic  shock, ^  these  authors  Investigated  the  possible 
suppressive  effects  of  epinephrine  and  its  metabolites.  Adrenochrome 
(2,3-d1hydro-3-hydroxy''N-methy11ndo1e-5,6-qu1none),  a  metabolite  formed 
In  the  oxidation  of  epinephrine,  was  observed  In  the  blood  from  25X  of 
the  patients  with  the  hypovolemic  anemia  of  trauma  and  was  found  to  produce 
hemolysis  In  vltro.^  Toxic  substances  produced  from  plasma  catecholamines 
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liberated  during  traumatic  Injury  Mere  also  thought  to  inhibit  erythro- 
polesls. 

Me  noM  have  available  clonal  cell  assays  for  pi uri potential  hemato¬ 
poietic  stem  cells  producing  colonies  containing  granulocytic,  erythroid, 
monocyte-macrophage,  and  megakaryocyti c  elements  in  methyl cellulose 
(CFU-GEMM),9"11  for  granulocyte-macrophage  progenitors  in  agar  (CFU-6M),12,13 
and  for  erythroid  progenitors  in  plasma  clot  (BFU-E,  CFU-E),^^»^5  making 
it  possible  to  study  the  alterations  in  blood  cell  production  caused  by 
substances  liberated  during  traumatic  injuries. 

The  purpose  of  this  stud^  Mas  to  assess  the  effect  of  adrenochrome 
on  baboon  marroM  CFU-GEMH,  CFU-GH,  BFU-E  and  CFU-E.  Hemin,  the  chloride 
form  of  hematin  (ferric  chloride  protoporphyrin  IX),  has  been  shoMn  to 
regulate  the  synthesis  of  hemoglobin. It  has  also  been  shoMn  to  enhance 
the  In  vitro  groMth  of  primitive  murine  erythroid  progenitors.^^  Since 
red  blood  cell  destruction  in  the  presence  of  catecholamine  metabolites 
mey  produce  porphyrins  and  iron,®»^®  the  effects  of  hemin  on  the  hemato¬ 
poietic  progenitor  cells,  both  alone  and  in  conjunction  Mith  adrenochrome. 
Mere  studied. 
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MATERIALS  AND  METHODS 


Marrow  Samples 

Each  normal  baboon  was  anesthetized  with  ketamine  hydrochloride,  and 
a  3*5  ml  volume  of  bone  marrow  aspirated  from  posterior  iliac  crests  was 
drawn  into  heparinized  20  ml  syringes  which  were  then  stored  on  ice.  Each 
sample  was  diluted  with  an  equal  amount  of  Iscove's  modified  Dulbecco's 
medium  (ImOm)  (GIBCO).  layered  over  a  ficoll-sodium  metrizoate  gradient 
(L>mphoprep.  Nyegaard).  and  centrifuged  at  800  X  g  for  30  minutes  at  0-4  C. 
The  mononuclear  cells  were  collected,  washed  by  dilution  with  ImOm.  and 
then  centrifuged  at  500  X  g  for  10  minutes  at  4  C.  The  supernatant 
solution  was  discarded  and  the  cells  were  washed  a  second  time.  The  cells 
were  counted  using  a  Coulter  counter  (Coulter  Electronics). 


Preparation  of  Feeder  Layers  for  CFU-GEMM  and  CFU-GM 

Human  venous  peripheral  blood  was  used  as  the  source  of  colony-stimulating 
activity  (CSA)  and  burst-promoting  activity  (BPA).  according  to  the  procedure 
of  Pike  and  Robinson.^^  Briefly,  blood  was  collected  from  normal  volunteers 
into  heparinized  50  ml  syringes  and  allowed  to  stand  for  1-2  hours  at  room 
temperature.  The  buffy  coat  was  isolated,  and  the  nucleated  cells  were 
counted.  Feeder  underlays  were  prepared  by  adding  1  X  10^  cells/ml  of 
McCoy's  5A  medium  (GIBCO)  with  20X  fetal  bovine  serum  (Sterile  Systems)  and 
0.5X  boiled  agar  (Difco).  Each  1  ml  aliquot  was  pipetted  into  a  35  mm  tissue 
culture  plate  (Lux)  and  allowed  to  gel  at  room  temperature.  The  plate  then 
received  1200  rads  of  gamma  irradiation  (^^^Cs.  Gammacell). 
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Preparation  of  PHA-LCM 

2  X  10^  human  peripheral  blood  leukocytes/ml  were  stored  in  Dulbecco's 
minimum  essential  medium  (MEM)  for  7  days  in  the  presence  of  1%  (v/v) 
pbytohemagglutinin  (6IBC0)  and  15%  fetal  bovine  serum  at  37  C,  5%  CO2  in 
a  humidified  atmosphere,  as  described  by  Aye  et  a1 


Preparation  of  Hemin  and  Adrenochrome  Solutions 

A  2  irM  solution  of  bovine  hemin  (Type  I.  Sigma)  was  prepared  according 
to  the  method  of  Stenzel  et  a1.^^  10.4  mg  hemin.  0.4  ml  IN  KOH  (Fisher), 
and  2.0  ml  of  filtered  0.2  M  Tris-HCI  (pH  7.8)  were  added  to  distilled 
water  to  a  volume  of  8  ml.  The  pH  was  adjusted  to  7.5  and  the  solution 
was  heated  in  a  boiling  water  bath  for  5  minutes.  The  2  ml  aliquots  of 
this  preparation  were  frozen  at  -80  C  until  the  time  of  experiment.  A 
5  iiM  solution  of  adrenochrome  (ICN  Pharmaceuticals)  was  prepared  on  the 
day  of  experiment  by  adding  8.95  mg  of  adrenochrome  to  ImOm  to  a  total 
volume  of  10  ml.  The  unfiltered  solution  was  agitated  for  3  minutes  prior 
to  use.  Hemin  was  added  to  yield  a  final  concentration  of  0.2  mM. 
Adrenochrome  was  added  in  the  final  concentrations  of  0.005.  0.05.  and 
0.5  nM. 


CFU-GEW  Culture  Conditions 

CFU^nixed  and  CFU>GM  colonies  were  grown  in  methylcellulose.  according 
to  the  procedure  of  Ash  et  a1.^^  Bone  marrow  cells  in  a  concentration  of 
1  X  10^  were  suspended  in  IX  methylcellulose  in  ImOm  supplemented  with  30X 
fetal  bovine  serum.  5X  PHA-LCM.  1  U/ml  human  urinary  erythropoietin  (EPO. 
Toyobo).  and  5  X  10**^  M  2-mercaptoethano1  (Sigma).  Four  1  ml  aliquots  were 
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layered  over  feeder  underlays  and  Incubated  at  37  C  in  a  5%  CO2  humidified 
atmosphere  for  14  days. 

CFU-GM  Culture  Conditions 

CFU-GM  colonies  were  grown  in  agar-gel,  following  the  procedure  of 
Pike  and  Robinson, Bone  marrow  cells  in  a  concentration  of  2  X  lO^/ml 
were  suspended  in  0.3%  agar  in  McCoy's  5A  medium  supplemented  with  20% 
fetal  bovine  serum.  Four  1  ml  aliquots  were  layered  over  feeder  underlays 
and  incubated  for  14  days. 

Examination  and  Scoring  of  CFU-GEMM  and  CFU-GM  Cultures 

Clusters  of  50  or  more  cells,  observed  unfixed  and  unstained  under 
a  dissecting  microscope,  were  scored  as  colonies.  CFU-GM  colonies 
contained  no  erythroid  cells,  idiereas  mixed  colonies  contained  both  non- 
erythroid  and  erythroid  elements  as  indicated  by  their  reddish  color. 
Selected  mixed  colonies  which  were  scored  on  this  basis  were  examined 
and  found  to  contain  mature  granulocytes,  erythrocytes,  macrophages,  and 
frequently  megakaryocytes.  The  number  of  CFU-mixed  and  CFU-GM  colonies 
were  reported  in  the  CFU-GEMM  assay. 

BFU-E  Culture  Conditions 

BFU-E  bursts  were  grown  in  clotted  bovine  plasma  according  to  the 
method  of  Axelrad  et  al,^^  One  hour  before  cell  plating,  an  aliquot  of 
bovine  plasma  (Flow)  was  placed  in  a  37  C  incubator  to  allow  cold  insoluble 
fibrinogen  to  dissolve.  Bone  marrow  cells  in  a  concentration  of  0.75  to 
1.0  X  loVml  were  suspended  in  ImDm  supplemented  with  30%  fetal  bovine 


serum,  1.5%  beef  embryo  extract  (GIBCO),  1%  bovine  serum  albuhiin  (Sigma), 
0.2  mg/ml  L-asparagine  (GIBCO),  and  10%  warmed  plasma.  Eight  0.1  ml 
aliquots  of  the  final  mixture  were  cultured  in  microtiter  wells  (Dynatech) 
placed  in  35  mm  tissue  culture  plates  and  incubated  for  12  days. 

CFU-E  Culture  Conditions 

CFU-E  colonies  were  grown  in  clotted  bovine  plasma  according  to  the 
method  of  Stephenson  et  a1.^^  Bone  marrow  cells  in  a  concentration  of 
2-2.5  X  10^/m1  were  plated  as  above  for  BFU-E,  except  that  a  0.25  U/ml 
final  concentration  of  human  urinary  erythropoietin  was  used  and  the  cells 
were  cultured  for  4  days. 

Harvesting.  Staining,  and  Scoring  of  BRJ-E  and  CFU-E  Cultures 

Each  clot  was  removed  from  its  microtiter  well  using  a  metal  micro¬ 
spatula  and  placed  on  a  glass  microscope  slide.  A  strip  of  filter  paper 
(Fisher)  was  placed  over  the  slide,  and  clots  were  fixed  with  5%  glutaral- 
dehyde  (Ladd)  and  stained  with  hematoxylin  (Fisher)  and  benzidine  (Kodak). 
Aggregates  of  8-64  benzidine-positive  cells  with  characteristic  erythroid 
morphology  observed  at  a  magnification  of  250X  under  oil  were  scored  as 
CFU-E.  Isolated  groups  of  50  or  more  nucleated  cells,  at  least  one-half 
of  which  were  benzidine-positive  observed  at  a  magnification  of  100X  under 
oil,  were  scored  as  BFU-E. 

Statistics 

The  paired  t-test  was  used  to  compare  control  groups  to  experimental 


groups 


RESULTS 


In  our  laboratory,  colonies  were  grown  using  the  BFU-E  and  CFU-E 
assays  from  baboon  bone  marrow  mononuclear  cells  under  experimental 
conditions  similar  to  those  used  in  human  and  murine  systems  using  2  U/ml 
EPO  for  the  BFU-E  assay  and  0.25  U/ml  EPO  for  the  CFU-E  assay. 

The  effect  of  three  concentrations  of  adrenochrome  on  the  growth  of 
marrow  CFU-GEMM.  CFU-GM,  BFU-E  and  CFU-E  was  studied.  Adrenochrome  in  a 
concentration  of  0.5  mM  inhibited  the  growth  of  all  hematopoietic  progenitor 
cells  studied  (Table  1).  The  degree  of  suppression  varied  among  the  four 
assays,  with  the  greatest  suppression  noted  in  the  most  mature  erythroid 
progenitor  cell  (CFU-E:  2.5%  control.  p^O.005).  and  the  least  in  the 
early  mixed  hematopoietic  cell  line  (CFU-GEMM:  50.6%  control,  pz.0.01). 
Adrenochrome  in  lower  concentrations  did  not  significantly  inhibit  growth 
of  CFU-GEW.  CFU-GM.  BFU-E  or  CFU-E  (p>0.05). 

The  effect  of  0,2  mM  hemin  on  the  growth  of  marrow  CFU-GM.  BFU-E. 

CFU-E  and  CFU-GEMM  and  CFU-mixed  using  the  CFU-GEMM  assay  was  also  studied. 
Hemin  had  no  effect  on  the  growth  of  CFU-GM  or  CFU-E  when  compared  to 
untreated  controls.  In  addition,  hemin  had  no  effect  on  these  assays  in 
combination  with  adrenochrome  when  compared  to  samples  treated  with 
adrenochrome  alone  (Figures  1  and  2).  In  contrast.  CFU-mixed  colonies 
in  the  CFU-GEMM  assay  showed  a  slight  but  not  statistically  significant 
(p>0.05)  increase  in  number  in  the  presence  of  hemin  alone  (Figure  3). 

In  the  presence  of  hemin  and  0.5  mM  adrenochrome.  significant  enhancement 
of  mixed  colony  growth  was  observed  (p^0.05)  compared  to  adrenochrome 


alone.  At  lower  adrenochrome  concentrations,  this  effect  was  not 
statistically  significant  (p>0.05). 

Growth  of  BFU-E  colonies  on  day  12  appeared  to  be  suppressed  by 
hemin  (Figure  4),  but  this  effect  was  not  statistically  significant 
(p>0.2).  “However,  in  the  presence  of  hemin  and  0.5  nW  adrenochrome, 
no  BFU-E  growth  was  observed  in  any  of  the  experiments. 


DISCUSSION 


Maintenance  of  mammalian  homeostasis  depends  on  the  differentiation 
of  several  classes  of  hematopoietic  progenitors  which  appear  to  arise 
from  the  uncommitted  stem  cell.  Among  these  classes  Is  the  plurlpotent 
stem  cell  which  Is  capable  of  producing  mature  granulocyte,  erythrocyte, 
monocyte-macrophage,  and  megakaryocyte  elements  in  culture  (CFU-GDW), 
and  the  CFU-GM,  BFU-E,  and  CFU-E  which  are  derived  from  It.  Our  data 
demonstrate  that  colonies  derived  from  these  four  classes  of  hematopoietic 
progenitors  were  grown  In  vitro  from  baboon  bone  marrow  mononuclear  cells 
In  tissue  culture  systems  designed  for  the  growth  of  human  cells.  The 
number  of  baboon  bone  marrow  BFU-E  colonies  on  day  12,  CFU-E  colonies  on 
day  4,  CFU-GM  colonies  on  day  14,  and  CFU-GEMM  colonies  on  day  14,  observed 
In  our  laboratory  were  within  the  range  of  values  reported  from  other 
laboratories  using  human  and  murine  bone  marrow. ^7,21-23  jh-js  study 
assessed  the  effects  of  adrenochrome,  a  catecholamine  metabolite,  and 
hemin,  both  alone  and  in  combination,  on  baboon  marrow  hematopoietic 
progenitor  cells. 

The  suppression  of  colony  growth  from  CFU-GM,  CFU-GEMM,  BFU-E  and 
CFU-E  by  the  addition  of  0.5  mM  adrenochrome  was  observed  in  all  four 
assay  systems  studied,  although  the  degree  of  suppression  varied  among  the 
assays.  In  the  clonal  cell  assays  capable  of  expressing  erythroid  growth 
In  culture,  the  degree  of  suppression  by  0.5  mM  adrenochrome  increased 
with  increasing  cellular  maturity  (CFU-E  >BFU-E  >“CFU-GEMM), 

Earlier  studies  on  the  Incubation  of  adrenochrome  and  other  catecholami 


metabolites  In  human  blood  plasma  have  shown  that  plasma  soluble  rheo- 
melanins  form  after  24  hours  at  37  These  rheomelanins  have  strong 

free  radical  activity which  appears  to  be  implicated  in  red  blood 
cell  destruction^  and  which  may  be  damaging  to  red  blood  cell  production 
as  well.  Free  radical  reactions  are  known  to  disrupt  cellular  metabolism 
by  inactivating  enzymes,  cross-linking  DNA,  and  altering  membrane 
functions.  More  recent  work  has  indicated  that  rheomelanins  exhibit 
several  characteristics  similar  to  lipofuscins.^®  Therefore,  it  seems 
likely  that  in  our  study  several  chemical  changes  involving  adrenochrome 
occurred  in  the  course  of  the  4-  to  14-day  incubation  periods. 

Although  the  concentrations  of  adrenochrome  employed  were  certainly 
neither  pharmacologic  nor  pathophysiologic,  the  inhibition  of  colony 
growth  in  vitro  suggests  a  possible  role  of  adrenochrome  or  one  of  its 
metabolites  in  the  anemia  of  trauma. 

Previous  observations  on  the  effect  of  hemin  on  in  vitro  growth  of 
murine  marrow  erythroid  progenitors  have  indicated  that  hemin  in  a 
concentration  of  0.2  rM  augments  the  growth  of  murine  marrow  BFU-E,^^ 
but  our  findings  with  baboon  marrow  are  in  contrast  to  those  observations. 
Growth  of  baboon  bone  marrow  BFU-E  showed  a  slight,  but  not  statistically 
significant,  suppression  by  the  addition  of  hemin.  This  did  not  appear 
to  be  a  non-specific  cytotoxic  effect  on  baboon  hematopoietic  progenitors, 
since  growth  of  CFU-GEMM  was  slightly  although  not  significantly  enhanced, 
and  growth  of  CFU-GM  and  CFU-E  was  unaffected  by  the  presence  of  hemin. 

The  reasons  for  the  discrepancies  in  these  results  are  not  clear.  They 
may  be  due  simply  to  some  inherent  difference  between  baboon  and  murine 


marroM  hematopoietic  cells  and  their  responses  to  bovine  hemln. 

Adding  hemln  to  cultures  of  CFU-GEMM  Incubated  with  0.5  nM  adreno- 
chrome  Increased  the  colony  numbers,  an  interesting  observation  Insofar 
as  no  BFU-E  growth  was  observed  In  the  presence  of  this  same  combination. 
One  difference  between  the  two  systems  is  the  presence  of  BPA.  Colony 
growth  In  the  CFU-GEMM  assay  using  methyl cellulose  contained  sources  of 
BPA  In  the  human  feeder  underlays  and  In  the  PHA-LCM,  whereas  colony 
growth  In  the  BFU-E  assay  using  plasma  clot  did  not.  Since  enhanced 
growth  of  CFU-GEMM  but  not  BFU-E  colors  growth  occurred  In  the  presence 
of  hemln.  It  Is  possible  that  hemln  has  no  stimulatory  effect  on  baboon 
marrow  erythropoietic  progenitors  per  se,  but  only  brings  about  an  effect 
through  stimulation  of  human  peripheral  blood  cells  to  produce  Increased 
amounts  of  BPA.  The  role  of  hemln,  both  alone  and  In  combination  with 
adrenochrome,  warrants  further  study. 
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FIGURE  1 

The  effect  of  adrenochrone  on  CFU-GM  colony  formation  in  agar  gel 
In  the  presence  or  absence  of  0.2  nH  hemin.  Values  are  expressed  as  the 
niaidwr  of  CFU-GN  colonies  per  10^  laarroM  cells  plated  and  represent  the 
mean  of  5  experiments  -  SCM.  No  significant  difference  between  cultures 
with  and  without  hemin  (p>0.05). 
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FIGURE  2 

The  effect  of  adrenochrome  on  CFU-E  colors  fonnation  in  plasma  clot 
in  the  presence  or  absence  of  0.2  mM  hemln.  Values  are  expressed  as  the 
nuMber  of  CFU-E  per  10^  marrow  (»11s  and  represent  the  mean  of  5  experiments 
i  SEM. 


F16URE  3 


The  effect  of  adrenochrome  on  CFU-GEfM>CFU-HIXED  colony  fonaatlon  In 
nethylcellulose  In  the  presence  or  absence  of  0.2  nM  hemln.  Values  are 
expressed  as  the  mari)er  of  CFU-GEMM  per  10^  marroM  cells  and  represent  the 
Mean  of  5  experinents  ^  SEN,  except  where  otherwise  noted.  No  significant 
difference  between  cultures  with  and  without  hemln  except  In  the  presence 
of  0.5  iM  adrenochrome  (p^O.05).  •  mean  of  4  experiments. 
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FIGURE  4 

The  effect  of  adrenocbrome  on  BFU-E  colony  formation  in  plasma  clot 
In  the  presence  or  absence  of  0.2  nM  hemin.  Values  are  expressed  as  the 
number  of  BFU-E  per  10^  marrow  cells  and  represent  the  mean  of  5  experiments 
*  SEM.  No  significant  difference  between  cultures  with  and  without  hemin. 
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TABLE  1 


22.9  *  6.8  15.6  t  6.4  31.4  i  8.4  20.6  i  6.9  353.2  t  52.4 

20.8  i  6.6**  14.8  i  7.0**  36.2  ^  12.0**  16.6  -  7.7**  327.7  i  52.6** 

20.7  i  6.5**  15.0  *  5.5**  28.5  t  6.0**  19.6  i  6.2**  294.9  ±  45.3** 

2.7  *  1.6^  7.9  *  5.5^  5.4  i  2.9^^  8.0  ±  6.6^  8.8  *  7.8^* 

(11.8X)  (50.6*)  (17.2*)  (38.8*)  (2.5*) 


*Data  presented  as  the  mean  of  5  experiments  i  SEH;  paired  t> tests  were  done  between  samples 
with  and  without  adrenochrome.  Percent  control  values  for  the  0.5  mM  adrenochrome  groups 
appear  In  parentheses. 

**No  significant  difference  (p>0.05) 

"^Significant  difference  (p40.05) 

^Significant  difference  (pCO.Ol) 

■^"^Significant  difference  (p 40.025) 

Significant  difference  (p  40.005) 
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